CLAIMS : 

1. An apparatus for controlling NOx emissions 
comprising : 

a chamber having a wall surface and an interior; 

a flue gas entrance and a flue gas exit for a 
flue gas to enter and exit said interior of said chamber; 

a gas quenching zone in which the temperature of 
the gas can be lowered; 

an ozone injection and retention zone in said 
chamber; and 

a liquid spray zone including at least one spray 
nozzle for spraying a liquid towards the wall surface. 

2. An apparatus according to claim 1, further 
including: 

an ozone supply; 

an ozone injection nozzle to inject a 
predetermined amount of ozone into said ozone injection 
and retention zone; 

a liquid supply in said liquid spray zone; 

a gas quenching liquid supply; and 

at least one gas quenching nozzle. 

3. An apparatus according to claim 2, wherein said 
liquid spray zone is located above said ozone injection 
and retention zone, and said flue gas entrance is below 
said liquid spray zone. 

4. An apparatus according to claim 2, wherein said 
liquid spray zone of said apparatus is located below said 
ozone injection and retention zone, and said flue gas 
entrance and said gas quenching zone are above said liquid 
spray zone. 

5. An apparatus according to claim 2, wherein said 
liquid comprises a calcium, magnesium, or sodium reagent. 



6. An apparatus according to claim 2, wherein said 
apparatus has a height ranging from 50-120 feet, and a 
diameter ranging from 1-50 feet. 

7. An apparatus according to claim 2, wherein said 
at least one spray nozzle comprises 3 or more spray 
nozzles . 

8. An apparatus according to claim 2, wherein an 
ozone to NOx ratio ranges from 0.5-3.5. 

9. An apparatus according to claim 2, wherein said 
ozone injection and retention zone has a length that is 
sufficient to permit a flue gas traveling through said 
ozone injection and retention zone a residence time 
ranging from 0.5-10 seconds. 

10. An apparatus according to claim 9, wherein said 
length is sufficient to permit said flue gas to have a 
residence time of about 3-7 seconds in said ozone 
injection and retention zone. 

11. An apparatus according to claim 2, wherein said 
apparatus has a liquid to gas ratio ranging from 5-80 
gallons per 1000 feet 3 of gas flow. 

12. An apparatus according to claim 2, wherein said 
flue gas travels through said apparatus at a rate ranging 
from 3-26 feet/second. 

13. An apparatus according to claim 2, wherein said 
flue gas exit has NOx emissions less than or equal to 50 
ppmdv . 

14. An apparatus according to claim 2, wherein said 
apparatus has a percentage of NOx removal greater than or 
equal to 50%. 

15. An apparatus according to claim 2, wherein said 
liquid supply includes a liquid comprising a chemical and 
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water solution, and said liquid has a pH ranging from 5.5- 
7.5 pH. 

16. An apparatus according to claim 2, wherein said 
flue gas is quenched to a temperature of below 200° F in 
said gas quenching zone. 

17. A method of controlling NOx emissions 
comprising: 

permitting flue gas to enter the interior of a 

chamber; 

quenching flue gas to lower the temperature of 
the flue gas; 

injecting ozone into the interior of the 
chamber; and 

spraying a liquid towards the walls of the 
chamber to capture reaction products of the oxidation 
process . 

lb. The method according to claim 17, wherein said 
liquid includes a sodium, calcium, or magnesium reagent. 

19. A method according to claim 17, wherein the 
injection of ozone into the interior of the chamber occurs 
below the spraying the liquid, and the entrance of a flue 
gas is below spraying the liquid. 

20. A method according to claim 17, wherein the 
spraying of a liquid includes the step of injecting a 
liquid through 3 or more spray nozzles. 

21. A method according to claim 17, further 
comprising maintaining an ozone to NOx ratio ranging from 
0.5-3.5 in said chamber. 

22. A method according to claim 17, further 
comprising allowing said flue gas to maintain a retention 
time ranging from 0.5-10 seconds after the step of 
injecting ozone into the interior of the chamber. 
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23. A method according to claim 17, further 
comprising permitting the flue gas to have a residence 
time of at least 3 seconds after injecting ozone into the 
interior of the chamber. 

24. A method according to claim 17, further 
comprising maintaining a liquid to gas ratio between 5-80 
gallons per 1000 feet 3 of gas flow. 

25. A method according to claim 17, further 
comprising allowing flue gas to travel through the 
apparatus at a rate from 3-26 feet per second. 

26. A method according to claim 17, wherein NOx 
emissions are less than 40 ppmdv. 

27. A method according to claim 19, further 
comprising maintaining a percentage of of NOx removal that 
is greater than or equal to 50%. 

28. A method according to claim 17, further 
comprising quenching said flue gas to a temperature of 
between 120°-180° F. 

29. A method according to claim 17, wherein the 
quenching of the flue gas occurs at the entrance into the 
interior of the chamber, and includes spraying liquid 
through the gas as it enters the chamber. 

30. A method of controlling NOx emissions 
comprising the steps of: 

introducing a flue gas into a chamber; 
quenching flue gas; 

injecting ozone into an ozone injection and retention 

zone in the interior of the chamber; 

spraying a liquid into the chamber; and 

maintaining a substantially droplet-free chamber 

interior in the vicinity of the ozone injection and 

retention zone. 
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31. A method according to claim 30, wherein said 
injecting ozone into the interior of the chamber occurs 
prior to spraying a liquid. 

32. A method according to claim 30, wherein spraying 
the liquid comprises spraying the liquid through 3 or more 
spray nozzles. 

33. A method according to claim 30, further 
comprising maintaining an ozone to NOx ratio ranging from 
0.5-3.5 in said chamber. 

34. A method according to claim 30, further 
comprising allowing said flue gas to maintain a retention 
time of 0.5-10 seconds after the step of injecting ozone 
into the interior of the chamber. 

35. A method according to claim 30, further 
comprising permitting the flue gas to have a residence 
time of at least 5 seconds after injecting ozone into the 
interior of the chamber. 

36. A method according to claim 30, further 
comprising maintaining a liquid to gas ratio between 5-80 
gallons per 1000 feet 3 of gas flow. 

37. A method according to claim 30, further 
comprising allowing flue gas to travel through the 
apparatus at a rate of from 3-26 feet /second. 

38. A method according to claim 30, wherein NOx 
emissions are less or equal to 50 ppmdv. 

39. A method according to claim 30, further 
comprising maintaining a percentage of of NOx removal 
greater than or equal to 50%. 

40. A method according to claim 30, further 
comprising quenching said flue gas to a temperature of 
between 140°-160 < ' F. 
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41. A combustion system comprising: 
a boiler; 

an apparatus for controlling NOx emissions 
comprising: 

a chamber having a wall surface and an interior; 

a flue gas entrance and a flue gas exit for a 
flue gas to enter and exit said interior of said chamber; 

a gas quenching zone in which the temperature of 
the gas can be lowered; 

an ozone injection and retention zone in said 
chamber; and 

a liquid spray zone including at least one spray 
nozzle for spraying a liquid towards the wall surface. 

42. A combustion system according to claim 41, 
wherein said apparatus further includes: 

an ozone supply; 

an ozone injection nozzle to inject a 
predetermined amount of ozone into said ozone injection 
and retention zone; 

a liquid supply in said liquid spray zone 

a gas quenching liquid supply; and 

at least one gas quenching nozzle. 

43. An apparatus according to claim 42, wherein said 
liquid spray zone is located above said ozone injection 
and retention zone, and said flue gas entrance is below 
said liquid spray zone. 

44. An apparatus according to claim 42, wherein said 
liquid spray zone of said apparatus is located below said 
ozone injection and retention zone, and said flue gas 
entrance and said gas quenching zone are above said liquid 
spray zone. 
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45. An apparatus according to claim 41, wherein said 
liquid comprises a calcium, magnesium, or sodium reagent. 

46. An apparatus according to claim 41, wherein said 
apparatus has a height ranging from 50-120 feet tall, a 
diameter ranging from 1-50 feet, an ozone injection and 
retention zone having a length that is sufficient to 
permit a flue gas traveling through said ozone injection 
and retention zone a residence time ranging from 0.5-10 
seconds, and wherein said at least one spray nozzle in 
said liquid spray zone comprises 3 or more spray nozzles. 

47. An apparatus according to claim 4 6, wherein said 
length is sufficient to permit said flue gas to have a 
residence time of about 3-7 seconds in said ozone 
injection and retention zone. 

48. An apparatus according to claim 41, wherein an 
ozone to NOx ratio ranges from 0.5-3.5. 

49. An apparatus according to claim 42, wherein said 
apparatus has a liquid to gas ratio ranging from 5-80 
gallons per 1000 feet 3 of gas flow, and said liquid supply 
includes a liquid comprising a chemical and water solution 
and having a pH ranging from 5.5-7.5 pH. 

50. An apparatus according to claim 41, said flue gas 
traveling through said apparatus at a rate ranging from 3- 
26 feet/second, and said flue gas exit has NOx emissions 
less than or equal to 50 ppmdv, and said apparatus has a 
percentage of NOx removal greater than or equal to 60%. 

51. An apparatus according to claim 42, wherein said 
flue gas is quenched to a temperature below 200° F in said 
gas quenching zone. 

52. A combustion system according to claim 41, 
further comprising a stack. 
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